Introduction
Serotonin [5-hydroxtryptamine (5-HT)] is present in serotonergic neurons, is released from platelets and mast cells after tissue injury, and exerts algesic and analgesic effects, depending on the site of action and on receptor subtype activation (for review, see Eide and Hole, 1993) . The antinociceptive action of tricyclic antidepressant drugs (TCAs), which are widely used in neuropathic pain, has been at least in part attributed to inhibition of 5-HT reuptake via the 5-HT transporter (5-HTT) and to the potentiation of 5-HT neurotransmission and thus activation of central antinociceptive pathways (Eschalier et al., 1994) . Other modes of action of TCAs are the blockade of sodium channels, opioidergic effects, and an antagonism at the NMDA receptor (Eschalier et al., 1994; Gerner et al., 2001 ). In the search for antidepressants with fewer adverse effects, selective 5-HT reuptake inhibitors [selective serotonin reuptake inhibitors (SSRIs)] were developed. In contrast to classical antidepressant drugs with additional effects on noradrenaline reuptake, they selectively inhibit the presynaptic reuptake of 5-HT through the 5-HTT. To date, only a few SSRIs have been proven effective for neuropathic pain in clinical trials (Sindrup et al., 1990 (Sindrup et al., , 1992 . Furthermore, animal studies using TCA as well as selective serotonergic drugs show variable effects in different pain models (Abad et al., 1989; Seltzer et al., 1989; Ardid and Guilbaud, 1992; Lang et al., 1996; Esser and Sawynok, 1999; Sawynok et al., 1999; Wang et al., 1999) . In several recent studies, a peripheral site of action of the antidepressants was demonstrated (Abdi et al., 1998; Sawynok et al., 1999) , possibly indicating a peripheral role of 5-HT after nerve injury. After nerve transection, the 5-HT content in the lesioned nerve is increased (Anden and Olsson, 1967) . 5-HT receptors of the 5-HT 3 and 5-HT 2A subtypes are present on C fibers (Fozard, 1984; Carlton and Coggeshall, 1997) , and 5-HT, acting in combination with other inflammatory mediators, may ectopically excite and sensitize acutely axotomized afferent nerve fibers (Michaelis et al., 1997 (Michaelis et al., , 1998 .
Mice with a deficiency in 5-HTT (5-HTTϪ/Ϫ mice) are considered to be a model of lifelong SSRI treatment (Bengel et al., 1998; Lesch and Heils, 2000) . In the CNS, they have increased extracellular 5-HT levels, but the overall tissue content of 5-HT is reduced. The 5-HT receptors 5-HT 1A , 5-HT 1B , and 5-HT 2A are downregulated in these mice (Rioux et al., 1999; Fabre et al., 2000) . Here we used 5-HTTϪ/Ϫ mice and a model of an experimental mononeuropathy to investigate further the role of 5-HT in neuropathic pain. The animals' pain-related behavior was correlated with changes in 5-HT content at different levels of the nervous system after peripheral nerve injury. We hypothesized that concomitant with an altered 5-HT content, 5-HTTϪ/Ϫ mice would display altered pain-related behavior compared with wild-type mice.
Materials and Methods
Animals. Experiments were performed on 47 adult (4 -7 months of age, 21-30 gm body weight) female mice of the C57BL/6J background. They included 26 wild-type (5-HTTϩ/ϩ) and 21 homozygous knock-out (5-HTTϪ/Ϫ) mice. The genotype was determined according to Bengel et al. (1998) . The animals were housed on a 14/10 hr light/dark cycle with standard rodent chow and water available ad libitum. All experiments were approved by the Bavarian state authorities and performed in accordance with the European Communities Council Directive of November 24, 1986 (86/609/EEC) for the care and use of laboratory animals.
Surgery. Under deep barbiturate anesthesia, a chronic constrictive injury (CCI) of one sciatic nerve was performed in 30 mice as described by Bennett and Xie (1988) , with minor modifications (Sommer and Schä-fers, 1998) . Three ligatures (7-0 Prolene) were placed around the sciatic nerve proximal to the trifurcation with 1 mm spacing, and tied until they just slightly constricted the diameter of the nerve and a brief twitch was seen in the respective hindlimb; a total of 17 unoperated animals served as controls.
Behavioral testing and measurement of skin temperature. Testing of different sensory modalities and of skin temperature was performed on 3 consecutive days before CCI and at regular intervals thereafter and accordingly in controls. Only two tests were performed on the same day: the measurement of skin temperature concomitantly with the testing of heat sensitivity and the assessment of mechanical sensitivity with the testing of cold sensitivity. The first day served to adapt the animals to the testing procedure. Mean values from the next 2 d of testing were taken as a mean to determine the baseline. Animals were sitting within a clear Plexiglas cage on a glass plate (for thermal testing) or on a metal mesh floor and were allowed to acclimatize for at least 5 min before recording. The sequence of the different tests, which were performed at least 30 min apart, was always the same, as were the time of testing and the testing room with a temperature of 25 Ϯ 0.5°C. The experimenter was kept unaware of the animals' genotype. Individual animals were excluded from the final analysis if the values of repetitive tests differed by Ն100%.
Sensitivity to noxious heat was assessed using the device of Hargreaves et al. (1988) , purchased from Ugo Basile (Comerio, Italy). A radiant heat source was focused on the plantar surface of the hindpaw; the time from the initiation of the radiant heat until paw withdrawal was measured automatically [paw-withdrawal latency (PWL)]. A maximal cutoff of 20 sec was used to prevent tissue damage. Each paw was tested five times, alternating between paws with an interval of at least 1 min between tests; the mean withdrawal latency was calculated. The interval between two trials on the same paw was at least 5 min. A significant decrease in the mean withdrawal latency after CCI compared with the baseline was defined as heat hyperalgesia.
Mechanical sensitivity was determined by probing the plantar surface of the hindpaw with calibrated von Frey hairs with circular plain tips of 0.8 mm diameter made from nylon filaments. The force required to bend the hairs ranged from 0.07 to 5.5 gm. Hairs were applied six times each on the basis of the up-and-down method of Dixon (1965) , according to Chaplan et al. (1994) and modified for mice (Sommer and Schäfers, 1998) . The time interval between two trials was at least 1 min on the same paw and at least 30 sec on the alternate paw. The 50% withdrawal threshold (i.e., force of the von Frey hair to which an animal reacts in 50% of the presentations) was recorded. A significant decrease in the 50% withdrawal threshold after CCI compared with the baseline was termed mechanical allodynia.
Cold stimulation of the animals' hindpaws was performed according to the method of Choi et al. (1994) , modified for mice (Vogel et al., 2000) . A drop of acetone was formed at the end of a polyethylene tube with a tip diameter of 0.8 mm connected with a syringe and gently applied at the plantar aspect of the hindpaw. A drop of water from a similar tube with a temperature of 37°C served as a control. A response to acetone was defined as sharp withdrawal of the hindpaw lasting Ͼ1 sec. Very brief withdrawals lasting Ͻ1 sec were assigned a value of 0 because they could be occasionally induced by a drop of water, whereas longer withdrawal times were typically a response to acetone and were never observed after the application of water. The paw elevation time was measured with a digital stopwatch from the onset of the paw withdrawal until the paw was rested again for at least 2 sec. The acetone was applied three times on each paw, and the mean of three trials was calculated. Repetitive testing was performed with an interval of at least 5 min for the same paw and of at least 1 min for the contralateral paw. Cold allodynia was defined as a significant increase in postoperative paw withdrawal time to acetone of individual animals compared with their baseline.
A noncontact infrared thermometer (GTH 1200, Raynger IP; Greisinger, Regenstauf, Germany) with an inner diameter of 0.4 cm was used to assess the skin temperature of the plantar surface of the animals' hindpaws. After a 15-30 min adaptation, the skin temperature was recorded if it was stable for at least 10 sec. Three consecutive temperature determinations on each paw were performed with an interval of 1-10 min between each determination, and the means were calculated. To detect skin temperature changes after CCI, difference scores were evaluated by subtracting the temperature of the control side contralateral to CCI from the nerve-injured side. A positive difference score indicates that the nerve-ligated paw is warmer than the control side, whereas a negative difference score indicates that the ligated paw is cooler than the control paw. The presence of skin temperature asymmetry was defined on an individual basis as a significant deviation of the difference score from baseline at any postoperative day.
Determination of 5-HT and 5-hydroxyindolacetic acid concentrations. After decapitation under deep barbiturate anesthesia, tissue was harvested from operated animals on day 28 after CCI and from controls. Samples were taken from the plantar skin of the hindpaw with a size of ϳ4 ϫ 6 mm, from the sciatic nerve with a length of 1 cm (cut shortly cranial to the most proximal ligature and just proximally to the trifurcation and at respective sites in control nerves), from the L4/5 spinal cord (cut just proximally to the L4 and distally to the L5 spinal root), and from the adrenal glands. Samples were weighed and frozen at Ϫ70°C. For HPLC, samples were sonicated under argon in ice-cold 150 mM H 3 PO 4 and 500 M diethylenetriamine pentaacetic acid and centrifuged at 35,000 ϫ g for 20 min at 4°C. The supernatant was filtered through Millipore (Bedford, MA) Ultrafree-MC filter cups at 9000 ϫ g for 1-2 hr at 4°C. For the analysis of 5-HT and 5-hydroxyindolacetic acid (5-HIAA), 50 l portions of the supernatants were injected directly into an HPLC system with electrochemical detection (Gynkotek, Germering, Germany). The investigator was kept unaware of the animals' genotype.
Statistical analysis. For statistical analysis, the Statistical Program for the Social Sciences (version 10.0; SPSS, Chicago, IL) was used. Results are presented as means Ϯ SEM. To compare behavioral data between groups and test days, a two-way repeated-measures ANOVA was used for parametric analysis, followed by a Student's t test. For nonparametric analysis of the von Frey thresholds, a Mann-Whitney U test was used for comparison of data between groups; a Friedman test was used for comparison of data between test days within a group, followed by a Wilcoxon test. A 2 test was used to compare groups at individual test days. Two-way ANOVA and Student's t test for post hoc analysis permitted comparison of HPLC data between the groups and test days. A paired Student's t test was used to compare between two means in the same subject. Significance was assumed at p Ͻ 0.05.
Results

Behavioral testing and skin temperature
Baseline thresholds
Baseline values for heat, mechanical and cold sensitivity, as well as skin temperature pooled for both sides did not differ between 5-HTTϩ/ϩ and 5-HTTϪ/Ϫ mice (n ϭ 10 -13 each) ( Table 1) . Data are pooled for both sides in the individual animal and determined as a mean Ϯ SEM over all of the animals tested (numbers of animals in parentheses).
CCI
Heat hyperalgesia was observed on the CCI side in wild-type mice (n ϭ 8) from the first to the end of the second postoperative week (Fig. 1 A) . PWLs decreased from 8.8 Ϯ 0.5 sec at baseline to a minimum of 4.8 Ϯ 0.6 sec (54.5% of baseline; p Ͻ 0.005) on day 13 and increased again on the subsequent days to values reaching the baseline level ( Fig. 1 A) . No heat hyperalgesia was observed on the CCI side in 5-HTTϪ/Ϫ mice (n ϭ 8) throughout the observation period (Fig. 1 B) . On the side contralateral to CCI, postoperative withdrawal latencies to heat in both genotypes did not differ from the baseline (Fig. 1 A,B) . Likewise, withdrawal latencies to heat in controls of both genotypes were not changed compared with the baseline after repetitive testing over 4 weeks (data not shown). Mechanical allodynia was observed on the CCI side in all wildtype mice (n ϭ 7) and 5-HTTϪ/Ϫ mice (n ϭ 9) (Fig. 1C,D) . In wild-type mice, mechanical 50% thresholds on the contralateral side did not differ from the baseline (Fig. 1C) . Mean thresholds on the contralateral side in 5-HTTϪ/Ϫ mice had a trend toward a decrease after CCI that was not significant because of the high variability between animals (Fig. 1 D) . When individual thresholds were analyzed setting a limit of Յ1 gm for the detection of mechanical allodynia, significantly more 5-HTTϪ/Ϫ mice had contralateral mechanical allodynia than did HTTϩ/ϩ mice ( p Ͻ 0.01 at days 6, 14, 18, and 22). Unoperated mice of both genotypes did not develop reduced mechanical thresholds when repetitively tested over a period of 4 weeks (data not shown).
The withdrawal time of the hindpaw to acetone in control mice of both genotypes during repetitive testing did not deviate from the baseline (data not shown). Similarly, on the contralateral side of CCI-operated mice of each genotype, the withdrawal time to acetone did not change from baseline. An increased withdrawal time to acetone, cold allodynia, was observed on the CCI side in four of eight wild-type mice and in three of seven 5-HTTϪ/Ϫ mice tested (p Ͻ 0.05 compared with baseline) (Fig. 2 A,B) . In the other cases of both genotypes, the withdrawal times on the CCI side were unchanged compared with baseline (Fig. 2C,D) . In summary, the incidence and extent of cold allodynia were not different between genotypes.
After CCI, skin temperature asymmetry between both hindpaws was observed in four of nine 5-HTTϩ/ϩ mice and five of nine-5-HTTϪ/Ϫ mice (Fig. 3) . In three 5-HTTϩ/ϩ mice and in five 5-HTTϪ/Ϫ mice, the hindpaw on the side of CCI was warmer than the unoperated side (positive difference score in Fig. 3A,B) ; in one 5-HTTϩ/ϩ mouse it was colder (negative difference score in Fig. 3A) . Furthermore, temperatures varied over time. In both genotypes, skin temperatures were maximal on day 9. In summary, the incidence of skin temperature changes was the same in both genotypes. The controls of each genotype did not show any change in skin temperature after repetitive testing. all tissues of 5-HTTϪ/Ϫ mice compared with wild-type mice ( p Ͻ 0.05) (Fig. 4, Table 2 ).
5-HT and
CCI. At 13 and 28 d after CCI, wild-type mice had a significant increase in 5-HT in the operated sciatic nerve ( p Ͻ 0.05 compared with controls) (Fig. 4 A, Table 2 ) with a maximum of 354% on day 28. In 5-HTTϪ/Ϫ mice, the 5-HT concentration in the operated nerve was not changed on day 13 but increased on day 28 after CCI compared with controls ( p Ͻ 0.05) (Fig. 4 A, Table 2 ). The relative increase over controls was comparable with 5-HTTϩ/ϩ mice, although absolute values were lower. Between genotypes, the operated and the contralateral nerve (day 28) contained significantly more 5-HT in wild-type mice than in 5-HTTϪ/Ϫ mice ( p Ͻ 0.05) (Fig. 4 A, Table 2 ). The 5-HT concentration in the plantar skin was slightly reduced bilaterally after CCI in wild-type animals ( p Ͻ 0.05 for the contralateral side) (Fig. 4 B, Table 2 ). Except on postoperative day 28, 5-HT concentrations in 5-HTTϪ/Ϫ mice were lower than in wild-type mice.
The 5-HT content of the L4/5 spinal cord was reduced in wild-type mice compared with controls on days 13 and 28 after CCI ( p Ͻ 0.05) (Fig. 4C, Table 2 ). In 5-HTTϪ/Ϫ mice, the reduction was almost significant at day 28 ( p ϭ 0.06). Between genotypes, the lumbar spinal cord of operated animals contained significantly more 5-HT in wild-type mice than knock-out animals ( p Ͻ 0.05) (Fig. 4C, Table 2 ).
In the adrenal glands of wild-type mice, 5-HT was reduced to 64% compared with controls on day 13 after CCI ( p Ͻ 0.05). In 5-HTTϪ/Ϫ mice, the 5-HT concentration was significantly lower than in wild-type mice ( p Ͻ 0.001) with no changes after CCI (Fig. 4 D, Table 2 ).
In summary, in all tissues from unoperated mice, the 5-HT content was higher in wild-type than in knock-out mice. After CCI, the 5-HT content increased in the operated sciatic nerve in both genotypes, whereas it decreased in wild-type mice in the lumbar spinal cord and in the adrenal glands.
5-HIAA
5-HIAA data mirrored the 5-HT data, with an increase after CCI in the sciatic nerve and a decrease in spinal cord and in skin. With a trend toward a higher 5-HIAA content in wild-type mice, differences between genotypes were not significant in most tissues (Fig. 5) .
Discussion
After an incomplete sciatic nerve injury, 5-HTTϪ/Ϫmice differed from their littermate controls by a lack of thermal hyperalgesia and by the development of bilateral rather than unilateral mechanical allodynia. 5-HT levels were lower in 5-HTTϪ/Ϫmice than in wild-type mice in all tissues examined. Interestingly, 5-HT was increased in the injured nerve in both genotypes but decreased in the spinal cord after nerve injury in wild-type mice.
5-HTT ؊/؊ mice do not develop thermal hyperalgesia after CCI, but do develop bilateral mechanical allodynia
Nociceptive nerve fibers can be excited and sensitized by inflammatory mediators, including 5-HT (Beck and Handwerker, 1974; Handwerker and Reeh, 1991) . This normally takes place at the receptor site on the sensory terminal (Raja et al., 1999) . After nerve lesion, the injured axons themselves can be activated and sensitized by inflammatory mediators (Welk et al., 1990; Michaelis et al., 1997 Michaelis et al., , 1998 . We hypothesize that 5-HT in the injured nerve sensitizes nociceptive nerve fibers to heat stimuli, thus leading to heat hyperalgesia, and that the low 5-HT concentration in 5-HTTϪ/Ϫ mice is the reason for the lack of heat hyperalgesia in these mice.
Punctate mechanical allodynia as shown in the CCI model 
Data are pooled for both sides (right/left) in unoperated animals (controls). On days 13 and 28 after CCI (CCI ϩ13 and CCI ϩ28), values of the sciatic nerve and the plantar skin are evaluated separately on the operated (OP) and contralateral nonoperated side (CTR); values of the L4/5 spinal cord and the adrenal glands are recruited from both sides. Data are given as means Ϯ SEM. The number of animals tested is shown in parentheses. Also see Figure 4 .
may be mediated by A␦ fibers (Field et al., 1999) . The development of mechanical allodynia depends on changes in spinal connectivity (i.e., central sensitization). Various mechanisms have been implicated in the development of central sensitization, including the loss of descending inhibition at the spinal cord level.
Spinal 5-HT is analgesic in most paradigms through an action at spinal 5-HT 2A and 5-HT 3 receptors (Solomon and Gebhart, 1988; Oyama et al., 1996) , although some studies describe a pronociceptive action of 5-HT or its agonists Hole, 1988, Ali et al., 1996) . Spinal 5-HT is reduced after CCI in wildtype mice, and baseline and post-CCI levels in 5-HTTϪ/Ϫ mice are lower than in wild-type mice. Assuming that spinal 5-HT in wild-type mice has an inhibitory action on pain transmission, the bilateral allodynia in 5-HTTϪ/Ϫ mice may be explained by a reduced spinal inhibition attributable to a lack of spinal 5-HT. The phenomenon of bilateral hyperalgesia or allodynia after unilateral nerve injury has been described occasionally (Attal et al., 1994) and is usually explained by signaling via commissural interneurons or by chemical signals, for example growth factors (Koltzenburg et al., 1999) . However, in our previous experiments with unilateral CCI in wild-type mice and rats, we never observed contralateral pain-related behavior. Interestingly, Esser and Sawynok (1999) found that animals with mechanical allodynia on the side ipsilateral to a nerve lesion developed contralateral allodynia after the application of amitriptyline. Thus, the lack of spinal inhibition might account for the bilateral allodynia observed in 5-HTTϪ/Ϫ mice in the present experiment. In contrast to heat hyperalgesia and mechanical allodynia, cold allodynia and skin temperature changes after CCI were very variable between animals and were independent of genotype. Wakisaka et al. (1991) found skin temperature changes in 75% of their rats with CCI and observed a trend over time from too hot to too cold. In our mice, a trend toward normalization was observed toward the end of the experiment. In the rat model of spinal nerve ligation, systemic application of the indirect 5-HT agonist fenfluramine but not of amitriptyline or desipramine acutely reduced cold allodynia (Wang et al., 1999) . From our results, it cannot be concluded that chronic blockade of serotonin reuptake has a major influence on the development of cold allodynia. However, because of the high variability in these data, the number of animals may be too small to reveal differences between genotypes.
Tissue 5-HT levels are reduced in 5-HTT؊/؊ mice In all tissues examined, naive 5-HTTϪ/Ϫ mice had lower levels of 5-HT than naive 5-HTTϩ/ϩ mice. This difference was most marked in the adrenal glands. In the periphery, 5-HT is produced by enterochromaffin cells and transported into the tissues by platelets and mast cells. 5-HT is unable to penetrate the bloodbrain and blood-nerve barrier, but a small amount of 5-HT is produced in neuronal cells and their terminals. The 5-HTT is needed for uptake of 5-HT into the cells. Thus, a functionally ablated 5-HTT in 5-HTTϪ/Ϫ mice entails reduced tissue 5-HT concentrations. In addition, as evidenced by the trend toward an increase in the 5-HIAA concentration in adrenal glands, adaptive changes in 5-HT metabolism with an exaggerated catabolism may account for the substantial depletion of 5-HT.
The 5-HT concentrations we determined in different tissues of naive wild-type mice are comparable with other data from naive rodents. Thus, the normal sciatic nerve in the rat contains ϳ0.5 g of 5-HT per gram of wet tissue (Anden and Olsson, 1967), which is identical to our data. The same 5-HT content was determined in the lumbar spinal cord of rats (Satoh and Omote, 1996) , which is considerably lower than that found by us (2.4 g per gram of wet tissue). Previous studies showed that naive 5-HTTϪ/Ϫ mice have a 60 -80% reduction in 5-HT concentrations in different brain areas (Bengel et al., 1998) . Similarly, we found reductions in 5-HT concentrations in all tissues examined, with reductions between 50% in plantar skin and 90% in adrenal glands.
In 5-HTTϪ/Ϫ mice, reductions in the entire 5-HT concentration in different tissues did not result in altered pain-related behavior in naive animals but did result in altered pain-related behavior after CCI. This suggests a role for 5-HT in nociceptive transmission after nerve injury that is different from the one in the naive animal.
CCI induces increased 5-HT levels in the injured nerve
Four weeks after CCI in wild-type mice, the 5-HT concentration in the injured nerve was increased to ϳ300% of the control value. Similar increases in 5-HT concentration have been detected in rat sciatic nerve 4 weeks after axotomy (Anden and Olsson, 1967) . In contrast, the 5-HT concentration in the lumbar spinal cord was decreased, with reductions to 50% of the control value. In the same model of nerve injury in the rat, others found an increase in the spinal 5-HT concentration within the first 2 weeks after nerve lesions and no change in the third and forth postoperative week (Satoh and Omote, 1996) . A possible reason for this discrepancy may be that the 5-HT concentration in the study of Satoh and Omote (1996) was determined in the dorsal half of one side of the lumbar spinal cord, whereas we analyzed the complete transverse section.
Because injury of the sciatic nerve may result in a neurogenic inflammatory response of the plantar skin (Levine et al., 1990; Daemen et al., 1998) , we had expected major changes in the 5-HT concentration in this tissue after CCI. However, this was not the case. In the adrenal glands, which have been suggested to have an influence on nociception in different pain models (Hama and Sagan, 1993; Khasar et al., 1998; Hains et al., 2000) , there was a CCI-induced reduction of 5-HT in wild-type mice. This finding also supports the notion of a possible role of the adrenal glands in nociceptive transmission.
5-HTT؊/؊ mice as a model of chronic treatment with SSRI
5-HTTϪ/Ϫ mice have been regarded as a model of chronic pharmacological blockade of 5-HT reuptake (Bengel et al., 1998) . Of the SSRIs, only fluoxetine and fenfluramine have been investigated in animal models of neuropathic pain, and except for the effect of fenfluramine on cold allodynia, they have not been found effective (Jett et al., 1997; Sawynok et al., 1999; Wang et al., 1999) . Thus, a direct comparison of pharmacological studies with the present data is not possible. Interestingly, TCAs in animal models produce a consistent antinociceptive effect on heat hyperalgesia (Lang et al., 1996; Esser and Sawynok, 1999; Sawynok et al., 1999) but not on mechanical Wang et al., 1999) and cold allodynia (Wang et al., 1999) . This pattern is in line with our findings in 5-HTTϪ/Ϫ mice and may suggest an antinociceptive effect of TCAs via inhibition of 5-HT reuptake in the peripheral nervous system. However, several other modes of action of TCAs, such as the blockade of sodium channels, may be involved (Gerner et al., 2001 ).
The 5-HT receptors 5-HT 1A , 5-HT 1B , and 5-HT 2A are downregulated in 5-HTTϪ/Ϫ mice (Rioux et al., 1999; Fabre et al., 2000) . An influence of this receptor plasticity on our behavioral results cannot be ruled out. However, whether 5-HT 2A receptors are also downregulated in the periphery is not known. If this were the case, it could be another explanation for reduced hyperalgesia of peripheral origin in 5-HTTϪ/Ϫ mice (Obata et al., 2000) .
In conclusion, our results suggest a peripheral pronociceptive role of 5-HT in the injured nerve in neuropathic pain. This sheds new light on the possible mechanisms by which serotonergic systems might be involved in nociception after nerve injury. Furthermore, the correlation of nerve 5-HT levels to heat hyperalgesia, but not to mechanical and cold allodynia, reveals distinct mechanisms underlying the different forms of neuropathic pain.
